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of underlying active degeneration and instability 17, 18 , but it is still unclear whether their presence affects patient outcome after LMD.
The purpose of this study was to analyze the interaction between clinical, functional, and radiological variables and their impact on patient outcome following LMD.
PATIENTS AND METHODS

Study Design
All patients who underwent single-level unilateral LMD by the senior author (NO) in [2004] [2005] were contacted in 2007-2008 and invited to participate in this retrospective cohort study. Exclusion criteria were: previous back surgery (non virgin lumbar spine), recurrent LDH, sequestrectomy without discectomy, far-lateral LDH requiring a transmuscular approach, aggressive surgery (laminectomy or facetectomy), concomitant lumbar fusion, and unavailable preoperative magnetic resonance imaging (MRI). The study protocol was approved by the university's Ethics Committee and written informed consent was obtained from patients prior to their enrollment.
Medical records and preoperative MRIs were reviewed and baseline demographic, clinical, radiological, and operative data were collected. At the time of follow-up, patients underwent detailed clinical evaluation and repeat lumbar spine MRI. Outcome measures were: -presence and intensity of sciatica according to a visual analog scale (VAS), -presence and intensity of axial LBP (VAS), -presence of SI according to the clinical criteria of Kotilainen and Valtonen 7 (Table 1) , -level of functional disability according to the Oswestry Disability Index (ODI) version 2.0 19 , -level of patient satisfaction according to the Patient Satisfaction Index (PSI) [11] [12] [13] 20 (Table 2) , -work status 21 (Table 3) , -degree of post-operative DSC according to the technique of Mochida et al 16 ( Figure 1 ), and -course of Modic changes at the operated level.
Given the lack of consensus on a radiological definition of instability 18, 22 , dynamic flexion-extension radiographs were not performed. Instead, we relied on clinical criteria of SI which may better correlate with patient outcome after LMD 7, 8, 10 .
Surgical Technique
All discectomies were performed by the same surgeon (NO) using a standard microsurgical interlaminar fenestration Occasionally, a small laminotomy or foraminotomy are performed to facilitate access to the spinal canal. The epidural fat is dissected using a dental microdissector until the dural sac is exposed and the nerve root identified in its lateral recess. The latter is retracted medially to expose the underlying disc herniation. The posterior longitudinal ligament is incised with a scalpel blade and the herniated disc fragment removed using a fine pituitary rongeur and a nerve hook. At this point, the disc space is penetrated and the degenerated nucleus pulposus removed in a piecemeal fashion using a pituitary forceps and a microcurette. Discectomy is pursued until all loose and easily mobilizable disc fragments are resected. Aggressive resections of the annulus fibrosus are never attempted. Similarly, endplate curettage is never performed and endplate injury is avoided at all times. At the end of the procedure, the surgical field is irrigated profusely and meticulous hemostasis is obtained, followed by epidural infiltration of methylprednisolone acetate (Depomedrol™). Finally, the wound is closed in layers in a standard fashion. The typical operative time is 45-60 minutes.
Patients are encouraged to ambulate on the day of surgery and are typically discharged on the first post-operative day. They are instructed to avoid prolonged sitting for at least four weeks following surgery and are referred for outpatient physical therapy.
Statistical Analysis
Outcome was analyzed at three different levels: -clinical: sciatica, LBP, and SI; -functional: ODI, PSI, and work status; and -radiological: DSC and course of Modic changes.
The following preoperative variables were tested as potential prognostic factors for each of the outcome measures: sex, age, pattern of exercise, duration of preoperative sciatica, presence and duration of preoperative LBP, disc level, and presence and type of preoperative Modic changes. Univariate analysis was performed using Fisher's exact test for categorical variables and Wilcoxon rank sum test for numerical variables. Statistically significant variables were introduced in a multivariate analysis model using logistic regression with backward elimination.
The correlation between DSC and course of Modic changes and the impact of these radiological findings on the clinical and functional outcomes were analyzed using Fisher's exact test for categorical variables and Wilcoxon rank sum test and Pearson correlation test for numerical variables.
All statistical tests were performed using SPSS Statistics version 17.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was set at p < 0.05.
RESULTS
Study Population
During the study period, 97 patients met the inclusion and exclusion criteria. One patient had died from an unrelated cause and 19 patients were living abroad and could not be contacted. From the remaining 77 patients, 3 refused to undergo repeat MRI because of claustrophobia and 20 (20.6%) refused to participate in the study. Of the 54 consenting patients, 13 had to be excluded because their preoperative MRI was unobtainable. The remaining 41 patients constitute our study population. Power analysis showed that this sample had only limited power in detecting subtle effects on outcome when logistic regression was used. Assuming a 5% type 1 error, this sample had 80% power to detect an increase in the probability of poor outcome from 30% to: -75.7% (odds ratio 7.27) in response to the presence of a binary variable in 30% of patients and -52.7% (odds ratio 2.6) in response to an increase of one standard deviation above the mean for a continuous normal variable.
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
There were 27 males and 14 females with a mean age of 54 years (range 24-78 years). Recalcitrant pain or failure of medical therapy was the indication for surgery in the vast majority of cases (38 patients, 92.7%), while three patients (7.3%) had progressive motor deficit. There were no instances of cauda equina syndrome in this cohort. Forty patients (97.6%) presented with sciatica and one (2.4%) with LBP. The latter was present overall in 31 patients (75.6%). The median duration of sciatica was four weeks (range 1-52 weeks) and that of LBP was eight weeks (range 1-52 weeks). Six patients (14.6%) suffered from chronic LBP more than (>) six months before surgery. Twentytwo patients (52.7%) had motor deficit which was mild or moderate (3-4/5) in all but one patient, the latter having complete paralysis in the territory of the affected nerve root. In addition, 11 patients (26.8%) had sensory deficit and 20 patients (48.8%) had diminished deep tendon reflexes in the affected territory. L4-L5 and L5-S1 were the affected levels in the vast majority of cases (36 patients, 87.8%) (Figure 2 ). Modic changes adjacent to the LDH were identified preoperatively in 19 patients (46.3%), all at L4-L5 and L5-S1. Type 2 changes were most prevalent and were seen in 14 patients (34.1%), while type 1 changes were found in five patients (12.2%). There were two surgical complications: one unintentional durotomy and one transient post-operative urinary retention. There was no permanent morbidity or mortality in this series. Median follow-up was 41 months (range 32-59 months).
Clinical Outcome
At the time of follow-up, 12 patients (29.3%) reported persistent moderate or severe (VAS > 3) sciatica (Figure 3 ). One patient (2.4%) suffered from severe sciatica (VAS > 6), while 11 (26.8%) had only moderate sciatica (VAS 4-6). In addition, 12 patients (29.3%) suffered from moderate LBP, but none reported severe LBP (Figure 3) . Finally, 13 patients (31.7%) had clinical evidence of SI. Of the three criteria, apprehension was by far the most common and affected 11 patients (26.8%), while instability catch and painful catch were reported only by three (7.3%) and one (2.4%) patients, respectively. At the time of follow-up, 25 patients (61%) had either moderate or severe sciatica, moderate LBP, or SI.
Forty patients (97.6%) had normal motor strength (5/5) in their lower extremities, while one (2.4%) had a slight residual motor deficit (4 + /5) in the affected nerve root territory. Similarly, 40 patients (97.6%) had a normal sensory exam, while one (2.4%) had mild residual hypoesthesia in the affected dermatome. Finally, 39 patients (95.1%) had normal deep tendon reflexes, while two (4.9%) had persistent areflexia in the affected territory.
Functional Outcome
At the time of follow-up, 38 patients (92.7%) had only minimal disability (ODI less than (<) 20%), only 3 (7.3%) had moderate disability (ODI 20-40%), and none had severe disability. Median ODI score was 4.4% (range 0-28.9%).
All patients were satisfied to some extent and would have accepted to undergo surgery again for the same results. While 23 patients (56.1%) were fully satisfied (PSI 1), 18 (43.9%) had hoped for a somewhat better improvement (PSI 2). There were no PSI grades 3 or 4 in this series.
Finally, 33 patients (80.5%) had returned full-time to their original work, while a change in working conditions was necessary in eight patients (19.5%) (Figure 4 ).
Radiological Outcome
At the time of follow-up, all operated discs exhibited at least some degree of height loss and the median DSC was 20% (range THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Multivariate logistic regression analysis identified the following independent negative prognosticators: female sex, young age at surgery, lack of regular exercise, and preoperative LBP > 6 months. In addition, L4-L5 disc level was predictive of severe DSC (Table 4) .
5-66%
Clinical-Radiological Correlations
Although not statistically significant, there was a trend for association between conversion to Modic 2 and lower rate of moderate LBP at follow-up (8.3% vs. 37.9%, p=0.073). In contrast, the course of Modic changes did not correlate with the presence of sciatica or SI, disability score, patient satisfaction, or work status. Similarly, there was no correlation between DSC and any of the clinical and functional outcome variables. However, there was a positive correlation between ODI score and each of the clinical variables: post-operative sciatica (p=0.006), moderate post-operative LBP (p=0.004), and SI (p=0.002). Finally, there was no correlation between the course of Modic changes and DSC.
DISCUSSION
Presence of Symptoms
In this series, three to five years after LMD, 29.3% of patients had significant sciatica, 29.3% had significant LBP, and 31.7% had clinical evidence of SI. These results are in agreement with those of larger series 4, 6, 7, 9, 14, 24, 25 . In a recent systematic review of the literature, McGirt et al 24 found that reported rates of either sciatica or LBP after a minimum two-year follow-up following lumbar discectomy varied between 19 and 37%. In the series of Kotilainen and Valtonen 7 , symptoms and signs of SI were present in 22% of patients after a mean follow-up of three years. It may be argued that there was no radiological assessment of segmental instability, i.e. dynamic flexion-extension radiographs, in this study. Although classically a radiological concept, segmental instability of the lumbar spine still lacks a consensual radiographic definition 18, 22 . Moreover, there is very limited correlation between radiological intervertebral motion and patient symptoms 22 . In contrast, a strong association has been documented between clinical instability after LMD and unsatisfactory long-term patient outcome, including occurrence of LBP, disability in daily activities, and loss of working capacity 7, 8 .
Disability and Satisfaction
Contrasting with the high prevalence of symptoms (61%), functional outcome was remarkably favorable in this patient population: 92.7% had only minimal disability (ODI < 20%), 100% were at least partially satisfied, and 80.5% returned to fulltime work. These findings are also comparable to the literature, particularly in regards to the high rates of satisfaction (93-95%) 14, 15, 26 and full-time return to work 7, 27 that are commonly reported after lumbar discectomy. In the series of Loupasis et al 14 , 66% of patients had mild disability and the mean ODI score was 18.9%. The lower mean ODI score (4.4%) in the present series may possibly be related to our shorter follow-up (3-5 years vs. 7-20 years). Alternatively, the significant number of patients lost to follow-up in our retrospective study may have introduced a selection bias leading to underestimation of the rate of unfavorable functional outcome. However, the direction of such a bias, in our opinion, would be completely unpredictable. In fact, symptomatic patients may have been well over-represented as these would have been particularly motivated to undergo clinical evaluation and repeat MRI. This possibility is further supported by the relatively high rate of symptomatic patients in this series.
Clinical Prognosticators
Young age at the time of surgery appears to predict a higher risk of post-operative SI. Our finding is supported by the works of Yorimitsu et al 9 and Schaller 10 who observed that the majority of patients suffering from severe LBP and SI were young. This might be explained by a more active degenerative process in younger patients 9 , a more advanced stage of DDD leading to a lower risk of post-operative instability in older patients 10 , and more frequent involvement of younger patients in intense physical activity 9 . Similarly to others 14, 28 , we have also found that female sex can predict a worse functional outcome and a higher rate of change in working conditions. It is possible that psychosocial, hormonal, and genetic factors may all contribute to this finding.
In contrast, unlike what has been observed by other authors [29] [30] [31] [32] [33] , the duration of preoperative sciatica had no impact on patient outcome. However, it must be noted that the vast majority (90%) of patients in this series were operated on within three months of the onset of their symptoms. Subsequently, our results may have been affected by our somewhat aggressive approach to symptomatic LDH and thus may not be necessarily generalizable to patients operated after three months by more conservative spine surgeons.
Finally, we were able to identify two previously unrecognized prognostic factors: -Of patients with preoperative LBP lasting six months or more, one third had moderate or severe disability at the time of follow-up. In contrast, only less than 3% of patients without LBP or with short-term preoperative LBP had significant disability. We propose that chronic preoperative LBP is a marker for underlying SI which could be easily worsened by the acute destabilizing effects of disectomy. Thus, the importance of careful patient selection for LMD based on clinical criteria cannot be overemphasized. -Conversely, regular exercise was associated with both a lower rate of post-operative sciatica and a higher degree of patient satisfaction. In addition to its beneficial effect on the musculature of the back and abdomen which may protect against DDD and LBP, regular exercise may also have a positive psychological impact on patients, thus accounting for the higher degree of satisfaction in these patients. Whenever possible, we encourage patients to engage in regular exercise after undergoing LMD.
Radiological Findings
Radiologically, all patients exhibited at least some degree of DSC, a finding that has been similarly noted by others 14, 26 . Whether the degree of DSC has an impact on patient outcome is still a matter of debate 9, 13, 14, 16, 26 . Although we could not document such a relationship, we found an association between disc level and degree of DSC with L4-L5 discs being much more prone to collapse than L5-S1 discs. While the exact reason for this remains unclear, biomechanical factors are likely to account for this phenomenon.
Although their presence has often been associated with LBP and SI 13, 17, 18 , neither the presence nor the type of preoperative Modic changes had any impact on the clinical and functional outcomes in this series. Our finding is similar to that of Chin et al 34 who documented similarly satisfactory results following LMD in both patients with and without preoperative Modic changes. It would have been interesting to separately analyze the subgroup of patients with type 1 Modic changes as these are often considered to be markers of biomechanical instability 17, 18 . Unfortunately however, such a subgroup analysis was not possible given the small number of patients with Modic 1 changes in this series.
CONCLUSION
Although more than 60% of patients may suffer from persistent sciatica, chronic LBP, or SI following LMD, their functional outcome remains remarkably favorable with high rates of satisfaction and return to full-time work. While young age at the time of surgery, female sex, and a preoperative LBP of > 6-month duration are associated with worse clinical and functional outcomes, regular exercise seems to protect against post-operative sciatica and to promote patient satisfaction. Disc space collapse is a universal finding following LMD that predominantly affects the L4-L5 disc. Neither the degree of DSC nor the presence and type of preoperative Modic changes seem to affect clinical and functional outcomes.
